We report the discovery of 31 low-luminosity (−14.5 > ∼ M AB (B) > ∼ −18.8), extreme emission line galaxies (EELGs) at 0.3 < ∼ z < ∼ 0.9 identified by their unusually high rest-frame equivalent widths (100< EW[O iii] <1700Å) as part of the VIMOS Ultra Deep Survey (VUDS). VIMOS optical spectra of unprecedented sensitivity (I AB ∼ 25 mag) along with multiwavelength photometry and HST imaging are used to investigate spectrophotometric properties of this unique sample and explore, for the first time, the very low stellar mass end (M ⋆ < ∼ 10 8 M ⊙ ) of the luminosity-metallicity (LZR) and mass-metallicity (MZR) relations at z < 1. Characterized by their extreme compactness (R 50 < 1 kpc), low stellar mass and enhanced specific star formation rates (SFR/M ⋆ ∼ 10 −9 -10 −7 yr −1 ), the VUDS EELGs are blue dwarf galaxies likely experiencing the first stages of a vigorous galaxy-wide starburst. Using T e -sensitive direct and strong-line methods, we find that VUDS EELGs are low-metallicity (7.5 < ∼ 12+ log(O/H) < ∼ 8.3) galaxies with high ionization conditions i.e. O iii/O ii = 4 ± 5. Moreover, we find at least three objects showing Heiiλ 4686Å emission and four EELGs of extremely low metallicities ( < ∼ 10% solar). The LZR and MZR followed by EELGs are broadly consistent with the extrapolation toward low mass of these relations from previous studies at similar redshift. However, we find evidences that galaxies with younger and more vigorous star formation -as characterized by their larger Hβ and [O iii] EWs, sSFR and higher ionization parameters -tend to be more metal-poor at a given luminosity and stellar mass. These results are discussed in the context of the fundamental metallicity relation linking mass metallicity and SFR.
Introduction
Over the last 8 billion years a large fraction of lowmass (M ⋆ < ∼ 10 9 M ⊙ ) galaxies are still seen rapidly assembling most of their present-day stellar mass (Cowie et al. 1996; Pérez-González et al. 2008) . Tracing the spectrophotometric properties of these vigorous star-forming dwarf galaxies (SFDGs) out to z ∼1 is essential not only to study how they evolve through cosmic time, but also to understand the physical mechanisms driving the first stages of stellar mass buildup and chemical enrichment. To this end, key insights can be obtained from the tight relations found between stellar mass, metallicity and star formation rate (SFR). However, the shape and normalization of these relations at different redshifts are still poorly constrained at their low-mass end. While in the local Universe the mass-metallicity relation (MZR) has been extended down to 10 8 M ⊙ (e.g. Andrews & Martini 2013) , at intermediate and high redshifts, dwarf galaxies are strongly under-represented (e.g. Henry et al. 2013) .
These SFDGs are usually identified by their blue colors, high surface brightness and strong emission-lines. They include a rare population of extreme emission-line galaxies (EELGs) with the largest nebular content and lowest metal abundances (e.g. Kniazev et al. 2004; Papaderos et al. 2008; Hu et al. 2009; Atek et al. 2011; Morales-Luis et al. 2011 ). Due to their high equivalent widths (EWs), an increasing number of EELGs are being dicovered and characterized by deep spectroscopic surveys out to z ∼1 (e.g. Hoyos et al. 2005; Ly et al. 2014; Amorín et al. 2014a) and beyond (e.g. van der Wel et al. 2011; Maseda et al. 2014) . In this Letter we report the discovery of a sample of 31 EELGs at 0.2 < ∼ z < ∼ 0.9 identified from the VIMOS Ultra-Deep Survey (VUDS; Le Fèvre et al. 2014 ). We study their physical properties as part of a larger, ongoing study aimed at investigating the evolution of SFDGs out to z ∼ 1 using very deep spectroscopy (e.g. Amorín et al. 2014a ). The sensitivity of our VUDS spectra, detecting emission lines as faint as ∼1.5× 10 −18 erg s −1 cm −2 , makes it possible to derive T ebased metallicities for a fraction of such faint galaxies. Thus, the present sample extends previous studies of star-forming galaxies at similar redshifts in size and limiting magnitude Ly et al. 2014) , allowing to study, in larger detail, the LZR and MZR at z < 1 two decades below 10 9 M ⊙ with galaxies showing a wide range of properties, including a number of extremely metal-poor galaxies (Z < 0.1Z ⊙ ). Throughout this paper we adopt a standard Λ-CDM cosmology with h = 0.7, Ω m = 0.3 and Ω Λ = 0.7. 
Observations and sample selection
VUDS is a deep spectroscopic legacy survey of ∼ 10 4 galaxies carried out using VIMOS at ESO-VLT (Le Fèvre et al. 2003) . VUDS is aimed at providing a complete census of the starforming galaxy population at 2 < ∼ z < ∼ 7, covering ∼ 1 deg 2 in three fields: COSMOS, ECDFS and VVDS-2h. The VIMOS spectra consist of 14h integrations in the LRBLUE and LRRED grism settings, respectively, covering a combined wavelength range 3650 < λ < 9350Å, with a spectral resolution R∼230. Data reduction, redshift measurement and assessment of the reliability flags are described in detail in the survey and data presentation paper (Le Fèvre et al. 2014) .
VUDS targets have been primarily selected to have photometric redshifts z p > 2.4 for either of the primary and secondary peaks of the PDF. A number of random targets purely magnitude selected to I AB ≤ 25 have been added to fill empty areas on observed slit masks. As a consequence, we identify a number of targets with spectroscopic redshift z s < 2. Many of these targets are galaxies with prominent optical emission lines, such as [O ii]λ 3727 or [O iii]λ 5007, that artificially boost the observed magnitudes in the stellar spectral energy distributions (SED).
For this Letter a representative sample of 31 EELGs (12 from COSMOS, 11 from VVDS-2h and 8 from ECDFS) with mean I AB ∼24.5 mag was identified from an early version of VUDS containing ∼40% of the final sample. We first consider primary and secondary target galaxies with very reliable spectroscopic redshift (98% and 100% confidence level), at 0.03 < ∼ z < ∼ 0.93. We then select galaxies with at least three emission lines de-
and Hβ, and EW[O iii]> 100Å. The first criterion ensures the derivation of gas-phase metallicities and the second one allow to select EELGs with the highest specific SFR (e.g. Atek et al. 2011; Ly et al. 2014; Amorín et al. 2014a ).
While our EELGs look unresolved in ground-based images precluding a full morphological analysis, morphological information can be obtained for a subset of 16 EELGs that have been observed by the HST-ACS in the F814W (I) band. As illustrated in Fig. 1 , EELGs include galaxies with both round and irregular shapes, showing angular sizes < 1 " . Using the automated method presented in Tasca et al. (2009) for the EELGs imaged by the ACS we derive circularized half-light radii, r 50 = R 50 (b/a) 0.5 ∼ 0.4-0.8 kpc thus confirming their extreme compactness. In most cases, we find these EELGs with no clear signs of ongoing mergers or very close companions. 
Physical properties of VUDS EELGs
In this section we describe the derivation of the main physical properties for the EELG sample and list the most relevant ones in Table 2 , which is available in electronic form only. As shown in Fig. 2 , our VUDS spectroscopy is extremely deep. While in many cases we can detect a remarkably faint continuum (∼ 5× 10 −20 erg s −1 cm 2 Å, 1σ), very faint lines, such as [O iii]λ4363, can be detected with good significance levels. Line fluxes and EWs and their uncertainties have been measured manually using the IRAF task splot following Amorín et al. (2012) , and have been de-reddened using the Balmer decrement and the Calzetti et al. (2000) extinction law. The mean reddening of EELGs in VUDS is E(B−V) gas = 0.26±0.14, in excellent agremeent with previous studies for EELGs (e.g. Domínguez et al. 2013; Ly et al. 2014; Amorín et al. 2014a ). In those cases where E(B − V) gas cannot be measured through Hα/Hβ or Hβ/Hγ, we adopt E(B − V) gas = E(B − V) ⋆ , where E(B − V) ⋆ is the stellar extinction derived from the SED fitting described in Section 3.2. This seems reasonable since median values of stellar ( E(B − V) ⋆ =0.25 ± 0.14) and gas extinctions are in excellent agreement for galaxies for which the both values are available.
Ionization and metallicity properties from VUDS spectra
In Figure 3 we study the ionization properties of the EELG sample using three diagnostic diagrams based on strong emission line ratios. Our sample galaxies populate the region of starforming galaxies with the highest excitation ([O iii]/Hβ∼ 5±2). Consistently with their low masses and blue U − B colors, none of them shows indication of AGN activity. Our sample galaxies, however, are located near the limits between SF and AGN regions in Fig. 3 (Fig. 3a) . In the most extreme cases, [O iii] shows EWs of ∼ 1700Å, while the [O ii] line is only barely detected (e.g. Fig. 2 ). Moreover, in three EELGs, we tentatively detect (∼2.5σ) Heiiλ 4686Å emission, suggesting the presence of very young, hot stars. Being rare at z < 1 (e.g. Jaskot & Oey 2013; Nakajima & Ouchi 2013; Amorín et al. 2014a ), these EELGs show ionization parameters (log(q ion ) > ∼ 8 cm s −1 ) comparable to some low-luminosity high Lines show the empirical separations between star-forming (SF) galaxies and AGNs.
redshift galaxies (e.g. Fosbury et al. 2003; Amorín et al. 2014b ).
In seven EELGs we detect (≥ 3σ) the intrinsically faint T e −sensitive auroral line [O iii]λ4363Å. For these galaxies we derive metallicity using the direct method ). In addition, we derive metallicities for the entire sample using the R23(≡(O ii+O iii)/Hβ) parameter and the calibration of McGaugh (1991) . Following Pérez-Montero et al. (2013) we applied the linear relations detailed in Lamareille et al. (2006) to make these R23 metallicities consistent with those derived using the direct method. In order to break the degeneracy of R23 (i.e. to choose between the lower or upper branch) we use two additional indicators. For EELGs at z < ∼ 0.45 we choose the branch that best matches the metallicity obtained from the N2(≡N ii/Hα) parameter and the calibration by Maiolino et al. (2008) . The difference between direct and strong-line metallicity estimations for the seven galaxies with [O iii]λ4363Å is < 0.2 dex. We find the metallicity of our EELG spanning a wide range of sub-solar values (7.5 < ∼ 12+ log(O/H) < ∼ 8.3), including four extremely metal-poor galaxies (Z < ∼ 0.1Z ⊙ ).
Stellar properties from multiwavelength SED fitting
Stellar masses and rest-frame absolute magnitudes of EELGs were derived by fitting their SEDs following Castellano et al. (2014) . In short, we fit Bruzual & Charlot (2003) stellar population synthesis models to the broad-band photometry -from UV to NIR -of each galaxy using chi-square minimization. Following Amorín et al. (2014a) , magnitudes are previously corrected from the contribution of prominent optical emission lines, while models assume stellar metallicities that best agree with the observed gas-phase metallicity. We adopt a Chabrier (2003) IMF, Calzetti et al. (2000) extinction law and assume a standard declining exponential star formation history. As a result, we find the sample of EELGs in VUDS spanning a range of low luminosities, −14.5 < ∼ M AB (B) < ∼ −18.8, and low stellar masses, 6.9 < ∼ log(M ⋆ /M ⊙ ) < ∼ 8.6.
The relation between mass, metallicity and ongoing SFR of low-mass galaxies out to z ∼1
In Figure. 4 we show the SFR-mass diagram for the EELGs in VUDS and other EELGs from the literature. Star formation rates are derived from the extinction-corrected Hα or Hβ luminosities using the calibration of Kennicutt (1998) SFRs and stellar masses a factor of ∼10 lower than similar samples from the literature, (cf. e.g. median EELG values in zCOS-MOS; Amorín et al. 2014a , shown by stars). However, nearly all EELGs shown in Fig. 4 are well above the extrapolation to low stellar mass of the "main sequence" of galaxies (Whitaker et al. 2012 ) at a given z. The EELGs in VUDS show enhanced specific SFRs (sSFR∼10 −9 -10 −7 yr −1 ) and SFR surface densities (Σ SFR = SFR/2πr 2 50 ∼ 0.35 (±0.19) M ⊙ yr −1 kpc −2 ), comparable to more luminous galaxy-wide starbursts at similar and higher redshifts (Ly et al. 2014; Amorín et al. 2014a,b) .
In Figure 5 we study the LZR and MZR traced by EELGs in VUDS and other low-mass galaxies at 0 < z < 1. The EELGs extents the LZR down to M AB (B) ∼ −14.5 and the MZR down to M ⋆ ∼ 10 7 M ⊙ , which means ∼1 dex lower than previous studies (e.g. Henry et al. 2013) , thus increasing substantially the number of low-mass galaxies under study, especially at z > ∼ 0.5. Despite the relatively large scatter, VUDS EELGs appear to follow the LZR and MZR of more luminous and massive SFDGs. In particular, we find most EELGs in broad agreement with the local (z < 0.3) LZR of Guseva et al. (2009) and MZR of Andrews & Martini (2013) , which have been derived from galaxies with measured electron temperatures. There is nevertheless a tendency for EELGs with larger EWs to be more metal-poor at a given luminosity and stellar mass, independently of redshift. These galaxies are those with the highest sSFR, i.e. those with the largest deviations from the "main sequence" of star formation at a given z, in Fig. 4 . While in the LZR they follow better the LZR traced by extremely metal-poor galaxies (e.g. Kewley et al. 2007; Hu et al. 2009 ), they tend to lie below the local MZR, similarly to other extreme galaxies e.g., the green peas.
The above dependence of the MZR on SFR can be studied in the context of the fundamental metallicity relation (FMR; Mannucci et al. 2010) , as shown in of EWs and sSFR tend to deviate >2σ to lower metallicities from the FMR traced by "main sequence" galaxies. These EELGs are most probably caught in an early stage of a galaxy-wide starburst. In addition to gas outflows -which are likely in such lowmass systems -these galaxies may still showing the effects of recent massive accretion of metal-poor gas, which feeds star formation and dilutes the oxygen abundances (e.g. Amorín et al. 2010; Sánchez Almeida et al. 2014; Troncoso et al. 2014) .
Offsets like those observed in the MZR -which are usually found at low mass -also suggest that the shape of the MZR is very sensitive to selection effects in its very low-mass end. Starbursting dwarfs with enhanced EW and sSFR may be over-represented with respect to the global population of lowmass galaxies in spectroscopic samples at such faint luminosities, making the shape of the MZR at low mass not entirely representative of "main sequence" galaxies. Clearly, a thorough study using the deepest spectroscopy available for a statistical and representative sample of SFDGs is much needed to test this hypothesis. Forthcoming analysis of VUDS galaxies at z < 1 using the complete database will enable us to scrutinize in detail the under-explored low-mass universe at z < 1.
R. Amorín et al.: Low-metallicity starbursts in VUDS, Online Material p 1 
